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(54) Flow rate and flow velocity measurement device 



(57) A flow measurement device is disclosed, in 
which an accumulation of pollution substance onto a de- 
tection element is prevented, and which can measure a 
reverse flow similarly to a normal flow. 

On both ends of an outer wall 23 outer peripheral 
portion of a divided flow pipe 20 having a Q-shape pipe 
passage, there are oppositely formed an inlet port 25 
and an outlet port 26, which open in faces orthogonal to 
a flow direction of a main flow M that is a detection ob- 
ject. Within the divided flow pipe 20, by a curved partition 
27, plural branch flow passages 28a, 28b mutually 
branching and joining in the divided flow pipe 20 are 



formed. Inside both end portions of the outer wall 23, 
undulation portions 32, 33 are formed so as to clog an 
inlet and an outlet of the outer peripheral side branch 
flow passage 28a and, by this, throttles are formed re- 
spectively in a flow passage between the inlet port 25 
and the inlet of the branch flow passage 28a and a flow 
passage between the outlet port 26 and the outlet of the 
branch flow passage 28a. In a bottom portion of the out- 
er wall 23 of the divided flow pipe 20, a detection ele- 
ment 31 is attached so as to be exposed to a flow in the 
outer peripheral side branch flow passage 28a and, 
against its detection face, a down flow DW further divid- 
ed from a divided flow D obliquely impinges. 
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Description 

[0001] The present invention relates to a device for 
measuring various quantities concerning a flow, among 
others, relates to a flow rate and flow velocity measure- 5 
ment device using a detection element integrally formed 
on a detection element and/or a semiconductorchip de- 
pending on temperature, and relates to a measurement 
device suitably applied, for example, as a combustion 
controlling mass flow rate sensor of an engine for a ve- 
hicle or industry, or a mass flow rate sensor for an in- 
dustrial air conditioning system and compressor pres- 
surized air supply system and, furthermore, an air/fuel 
ratio controlling flow rate sensor of a domestic gas hot- 
plate. 

[0002] In an engine combustion controlling mass flow 
rate sensor for a vehicle, an output change due to a pol- 
lution substance accumulation onto a detection element 
is a great problem. In order to solve this problem, in Jap- 
anese Patent Laid-Open No. 1 93863/1 996 Gazette and 
the like there is proposed "to prevent an accumulation 
of pollution substance onto and an action of reverse flow 
on the detection element by providing a housing struc- 
ture with an auxiliary passage for deflecting a part of air 
from a main air flow and a suitable opening portion". 
[0003] However, the housing structure of a sensor dis- 
closed in the Japanese Patent Laid-Open No. 
1 93863/1 996 Gazette is effective for accumulation pre- 
vention of a pollution substance whose density is much 
higher than that of a measurement fluid but, as to the 
pollution substance whose density is relatively low, 
there is a fear that it enters into a divided flow passage 
and is accumulated onto the detection element. Further, 
in this sensor, since it is excessively intended to exclude 
an influence of the reverse flow, it becomes difficult to 
measure the reverse flow. 

[0004] By the way, recently, in order to cope with an 
emission regulation and the like, there is desired a fur- 
ther high performance combustion controlling mass flow 
rate sensor, for example, a sensor capable of detecting 
both of normal flow and reverse flow. Incidentally, hith- 
erto, also a flow passage structure of the sensor capable 
of detecting the reverse flow has been proposed but, in 
the case where the reverse flow is measured, a detec- 
tion output of the same level as the normal flow has not 
been obtained, so that it is considered that a detection 
output correction by a control circuit is necessary. 
[0005] An object of the invention is to provide a meas- 
urement device concerning a flow, in which an accumu- 
lation of the pollution substance onto the detection ele- 
ment is prevented. A further object of the invention is to 
provide a measurement device concerning a flow, which 
is capable of measuring the reverse flow similarly to the 
normal flow. 

[0006] A measurement device of a 1st aspect of the 
invention has: a divided flow pipe which has a divided 
flow pipe passage basically curved in Q-shape form, 
and into which a flow in a main flow pipe, that is a de- 
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tection object, is introduced; an inlet port of the divided 
flow pipe, which is formed in an outer peripheral side of 
the divided flow pipe, and opens in a face approximately 
orthogonal to a flow direction in the main flow pipe; a 
partition formed in the divided flow pipe; plural branch 
flow passages divided/formed by the partition so as to 
mutually branch and join in the divided flow pipe; and a 
detection element which is disposed so as to be ex- 
posed to a flow in, among the plural branch flow pas- 
sages, the branch flow passage formed in the outer pe- 
ripheral side of the divided flow pipe, and detects a 
quantity concerning the flow. 

[0007] In this measurement device, in the divided flow 
pipe, a measurement fluid introduced into the divided 
flow pipe is sharply changed in its direction before it ar- 
rives an inlet of the branch flow passage in which the 
detection element exists. Therefore, the pollution sub- 
stance whose inertia is high is prevented from entering 
into the branch flow passage in which the detection el- 
ement exists. In addition, in the divided flow pipe, by 
means of further dividing the flow by the partition, it is 
possible to reduce a Reynolds number of the flow to- 
ward the detection element (because a flow sectional 
area becomes small), so that the flow in the vicinity of 
the detection element is adjusted and it is possible to 
perform a high accuracy detection. That is , according 
to this measurement device, by effectively branching the 
measurement fluid and changing it in its direction, in re- 
gard to both of the pollution substance mixed in the 
measurement fluid whose density is higher than that of 
the measurement fluid and the pollution substance 
whose density is relatively low, these pollution substanc- 
es are all prevented from accumulating on a detection 
face of the detection element, so that there is provided 
a measurement device which is excellent in pollution re- 
sistance and whose detection output change is low over 
a long period. 

[0008] In a measurement device of a 2nd aspect of 
the invention, the divided flow pipe has a flow passage 
structure basically symmetrical with the detection ele- 
ment being made a center. According to the flow pas- 
sage structure of such a symmetrical structure, since the 
flow in a divided flow pipe passage for the normal flow 
and the flow in the divided flow pipe passage for the re- 
verse flow become symmetrical, it becomes unneces- 
sary to particularly compensate a detection output in 
case of the reverse flow. 

[0009] Preferably, by constituting the measurement 
device on the basis of the 1st and 2nd aspects, as well 
as being excellent in pollution resistance, a similar de- 
tection output level can be obtained in regard to both of 
the normal flow and the reverse flow. 
[0010] A measurement device of a 3rd aspect of the 
invention has: a detection element which is disposed so 
as to be exposed to a flow in, among the plural branch 
flow passages, the branch flow passage formed in an 
inner peripheral side or an intermediate portion of the 
divided flow pipe, and detects a quantity concerning the 
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flow; and a throttle formed in a flow passage between 
an inlet port of the divided flow pipe and an inlet of the 
branch flow passage in which a detection face of the 
detection element is exposed to the flow therein. In this 
manner, in case where the detection element is exposed 5 
to the branch flow passage of the inner peripheral side 
or the intermediate portion in which a direction change 
of the flow introduced into the divided flow pipe inlet port 
is relatively small in comparison with the branch flow 
passage of the outer peripheral side, the accumulation 10 
of the pollution substance onto the detection element is 
suitably prevented by providing the throttle. 
[001 1] A measurement device of a 4th aspect of the 
invention has: a divided flow pipe which has a divided 
flow pipe passage basically curved in Q-shape form, 15 
and into which a flow in a main flow pipe, that is a de- 
tection object, is introduced; an inlet port of the divided 
flow pipe, which is formed in an one end outer peripheral 
side of the divided flow pipe passage, and opens in a 
face approximately orthogonal to a flow direction in the 20 
main flow pipe; an outlet port of the divided flow pipe, 
which is formed in the other end top of the divided flow 
pipe passage, and opens in a face approximately par- 
allel to a flow direction in the main flow pipe; a partition 
which is formed in the divided flow pipe, one end of 25 
which extends till a vicinity of the inlet port, and the other 
end of which extends while being spaced from the outlet 
port; plural branch flow passages divided/formed by the 
partition so as to mutually branch and join in the divided 
flow pipe; and a detection element which is disposed so 30 
as to be exposed to a flow in, among the plural branch 
flow passages, the branch flow passage formed in an 
outer peripheral side of the divided flow pipe, and de- 
tects a quantity concerning the flow. Since this meas- 
urement device has an asymmetrical flow passage 35 
structure, it is suitable especially in case of measuring 
the normal flow. 

[0012] A measurement device of a 5th aspect of the 
invention has an inlet port of the divided flow pipe and 
an inlet of the branch flow passage, which are mutually 40 
formed such that the flow introduced into the divided 
flow pipe is changed in its direction and flows into the 
branch flow passage in which the detection element is 
exposed to the flow therein. 

[0013] A measurement device of a 6th aspect of the 45 
invention has a throttle formed in a flow passage be- 
tween the inlet port of the divided flow pipe and an inlet 
of the branch flow passage such that the flow introduced 
into the divided flow pipe is changed in its direction and 
flows into the branch flow passage in which the detec- so 
tion element is exposed to the flow therein. 
[0014] A measurement device of a 7th aspect of the 
invention has a Venturi provided, on a wall face of the 
partition opposite to the detection element and from an 
upstream to a downstream of the detection element, 55 
such that a flow passage of the branch flow passage in 
which the detection element is disposed is made nar- 
rowest in the vicinity of a center of the detection element. 



[001 5] Other aspects and characteristics of the inven- 
tion are as set forth in each claim and, with its citation, 
a repetitionary description is omitted. Therefore, it is 
deemed that each characteristic of each claim is set 
forth here. Incidentally, a dependent claim can be ap- 
plied respectively to each independent claim so long as 
it is not contrary to a principle of the invention set forth 
in each independent claim and, further, the dependent 
claim can be applied to another dependent claim. 
[0016] Hereunder, preferred implementation modes 
of the invention are explained. 

[001 7] In the preferred implementation mode of the in- 
vention, an end portion of the partition does not extend 
to just below the inlet port of the divided flow pipe, and 
an inlet of the outer peripheral side branch flow passage 
in which the detection element is exposed to the flow 
therein does not open just below the inlet port of the di- 
vided flow pipe. By this, the pollution substance is pre- 
vented from advancing straight from the divided flow 
pipe inlet port toward the branch flow passage inlet. 
[001 8] In the preferred implementation mode of the in- 
vention, there is formed a bypass flow passage short- 
circuiting between the inlet port and the outlet port of the 
divided flow pipe without passing through the plural 
branch flow passages. By this, the flow introduced into 
the divided flow pipe is stabilized and, further, the meas- 
urement fluid (flow in the main flow pipe) becomes easy 
to be taken into the divided flow pipe. Especially, in case 
where the flow passage structu re of the divided flow p ipe 
is formed symmetrically with the detection element be- 
ing made a center, by providing an orifice reducing the 
bypass flow passage or a flow sectional diameter of the 
bypass flow passage, it is possible to intend to stabilize 
the flow reaching the detection element in regard to both 
of the normal flow and the reverse flow. 
[001 9] In the preferred implementation mode of the in- 
vention, the orifice is provided in the bypass flow pas- 
sage, and a flow rate of the measurement fluid toward 
the detection element is set by a protrusion amount of 
a flow passage wall forming the orifice or an orifice open 
area. By this, it is possible to quantitatively control the 
flow rate toward the detection element. 
[0020] In the preferred implementation mode of the in- 
vention, in the divided flow pipe, there is provided means 
for forming such a flow as obliquely impinging against a 
detection face of the detection element. By this flow con- 
trol means, a flow to be detected is constantly supplied 
to the detection face of the detection element, so that it 
is considered that it follows that the flow to be detected 
surely flows on the detection face. In addition, since gen- 
erations of vortex flow and exfoliation in the vicinity of 
the detection face are suppressed, it is considered that 
a detection accuracy and a reproducibility are improved. 
[0021 ] In the preferred implementation mode of the in- 
vention, as the flow control means for forming a flow 
(down flow) obliquely impinging against the detection 
face of the detection element or a flow flowing obliquely 
with respect to the detection face, there is provided a 
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flow passage face protruding than the detection face in 
at least an upstream, or an upstream and/or a down- 
stream of the detection element. As a form of the pro- 
trusion, one capable of forming the flow obliquely im- 
pinging against the detection face suffices and, prefer- 
ably, it is protruded concavely or convexly or its protrud- 
ing surface is made a linear, polygonal or concave 
curved form slant face. 

[0022] I n the preferred implementation mode of the in- 
vention, in a curved portion of the divided flow pipe (de- 
tection pipe), the detection face of the detection element 
is exposed inside the divided flow pipe. Further prefer- 
ably, a curved pipe (divided flow pipe) is attached in a 
direction orthogonal to the main flow pipe (measure- 
ment object pipe), and the detection element is provided 
in this curved portion (folded portion, a portion where 
the flow passage is curved) of the curved pipe. 
[0023] Alternatively, the detection element is dis- 
posed in a portion where the flow in the divided flow pipe 
is inverted or a portion where the flow direction is sharply 
changed or its vicinity. Also preferably, the detection 
face of the detection element is exposed to a portion 
where the flow in the divided flow pipe is speedy. Also 
preferably, the detection face of the detection element 
is exposed to a portion where the flow is throttled and 
subsequently changed in its direction in the divided flow 
pipe or its vicinity. 

[0024] In the preferred implementation mode of the in- 
vention, such a detection element as mentioned below 
is used. That is, this detection element is one in which 
basically four thin film resistors are provided in a semi- 
conductor chip. More concretely, a diaphragm portion 
and a rim portion are provided on a semiconductor layer. 
In the diaphragm portion, there are provided (1) an up- 
stream temperature sensor, (2) a downstream temper- 
ature sensor, and (3) a heater disposed between the up- 
stream temperature sensor. On the other hand, in the 
rim portion, (4) an atmosphere temperature sensor is 
provided. The diaphragm portion is made very thin and 
a heat insulation is intended. 

[0025] Next, a principle of detecting various quantities 
concerning a flow such as flow velocity and flow rate by 
using this detection element is shown as follows. 

(1) An electric power supplied to the heater is con- 
trolled such that the heater has a constant temper- 
ature difference with respect to an atmosphere tem- 
perature. 

(2) Accordingly, in the case where there is no flow, 
temperatures of the upstream temperature sensor 
and the down stream temperature sensor are ap- 
proximately the same. 

(3) However, in the case where there is flow, the 
temperature of the upstream temperature sensor 
descends because a heat escapes from its surface. 
As to the temperature of the downstream tempera- 
ture sensor, since a heat input from the heater in- 
creases, a temperature change is smaller than that 



of the upstream temperature sensor. Incidentally, 
there is also a case where the temperatures of the 
downstream temperature sensor ascends. 
(4) On the basis of a temperature difference be- 

5 tween the upstream temperature sensor and the 
downstream temperature sensor, the flow rate and 
the flow velocity etc. are detected and, from a sign 
of the temperature difference, a flow direction is de- 
tected. Incidentally, the temperature difference can 

io be detected on the basis of a change in electrical 
resistance by the temperature. 

[0026] In the preferred implementation mode of the in- 
vention, it is one for, on the basis of temperature, meas- 

1 5 uring the quantity concerning a flow, at least including a 
Now rate and/or a flow velocity by the detection element. 
[0027] In the preferred implementation mode of the in- 
vention, the measurement device according to the in- 
vention is installed in an intake system of engine of var- 

20 ious vehicles, and can be applied to a measurement of 
intake quantity etc. of the engine mounted on a two- 
wheel or four-wheel vehicle. For example, the measure- 
ment device according to the invention is installed be- 
tween an air cleaner and a throttle valve in the intake 

25 system of engine mounted on the four-wheel vehicle. 
Further, the measurement device according to the in- 
vention is attached, in the intake system of engine 
mounted on the two-wheel vehicle, to a two-wheel ve- 
hicle intake pipe (air funnel) connected to a cylinder in 

30 order to measure a flow rate or a flow velocity etc. of the 
intake. 

[0028] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings in which:- 
35 [0029] Fig. 1 is an explanatory view of a measurement 
device of an Embodiment 1 of the invention, and shows 
a longitudinal section along an axis direction of a main 
flow pipe. 

[0030] Fig. 2 is a partial enlarged view in which an inlet 
40 port 5 vicinity of a divided flow pipe 2 shown in Fig.1 is 
enlarged. 

[0031] Fig. 3 is a partial enlarged operation view in 
which the inlet port 5 vicinity of the divided flow pipe 2 
shown in Fig.1 is enlarged. 
45 [0032] Fig. 4 is a partial enlarged view in which the 
divided flow pipe inlet port vicinity is enlarged in order 
to respectively explain a device of an Embodiment 2 of 
the invention. 

[0033] Fig. 5 is a partial enlarged view in which the 
50 divided flow pipe inlet port vicinity is enlarged in order 
to respectively explain a device of an Embodiment 3 of 
the invention. 

[0034] Fig. 6 is a partial enlarged view in which the 
divided flow pipe inlet port vicinity is enlarged in order 
55 to respectively explain a device of an Embodiment 4 of 
the invention. 

[0035] Fig. 7 (A) and (B) are explanatory views of a 
measurement device concerning a flow of an Embodi- 
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ment 5 of the invention, wherein (A) shows a longitudinal 
section along the axis direction of the main flow pipe, 
and (B) a B-B section in (A). 

[0036] Fig. 8 (A) and (B) are explanatory views of a 
device of an Embodiment 6 of the invention , wherein (A) 
is a partial enlarged sectional view (showing a section 
parallel to a flow section of a divided flow D) of a divided 
flow passage top outer wall and an inlet plate one end 
portion vicinity, and (B) a sectional view orthogonal to 

(A) . 

[0037] Fig. 9 (A) to (C) are partial enlarged views 
showing a vicinity of an orifice bypassing the inlet port 
and an outlet port of the divided flow pipe in order to 
explain devices of Embodiments 7 to 9 of the invention 
in order, respectively. 

[0038] Fig. 10 is an explanatory view of a measure- 
ment device of a Comparison Example 1 , and shows a 
longitudinal section along the axis direction of the main 
flow pipe. 

[0039] Fig. 11 is a graph showing flow rate character- 
istics of the device of the Comparison Example 1 shown 
in Fig. 10. 

[0040] Fig. 12 is a view in which the device of the Em- 
bodiment 5 explained by referring to Fig. 7(A) and Fig.7 

(B) is depicted again. 

[0041] Fig. 13 is a graph showing flow rate character- 
istics of the device of the Embodiment 5 shown in Fig. 1 2. 
[0042] Fig. 14 is an explanatory view of a measure- 
ment device of an Embodiment 1 0 of the invention, and 
shows a longitudinal section along the axis direction of 
the main flow pipe. 

[0043] Fig. 15 is an explanatory view of a measure- 
ment device of an Embodiment 11 of the invention, and 
shows a longitudinal section along the axis direction of 
the main flow pipe. 

[0044] Fig. 16 is an explanatory view of a measure- 
ment device of an Embodiment 1 2 of the invention, and 
shows a longitudinal section along the axis direction of 
the main flow pipe. 

[0045] Fig. 17 is an explanatory view of a measure- 
ment device of an Embodiment 1 3 of the invention, and 
shows a longitudinal section along the axis direction of 
the main flow pipe. 

[0046] Fig. 18 is an explanatory view of a measure- 
ment device of an Embodiment 1 4 of the invention, and 
shows a longitudinal section along the axis direction of 
the main flow pipe. 

[0047] Fig. 19 is an explanatory view of a measure- 
ment device of an Embodiment 1 5 of the invention, and 
shows a longitudinal section. along the axis direction of 
the main flow pipe. 

[0048] Fig. 20 is an explanatory view of a measure- 
ment device of an Embodiment 1 6 of the invention, and 
shows a longitudinal section along the axis direction of 
the main flow pipe. 

[0049] Fig.21 is an explanatory view of a measure- 
ment device of an Embodiment 1 7 of the invention, and 
is a partial enlarged view of a detection element vicinity. 



[0050] Reference numerals are used to identify items 
shown in the drawings as follows: 



I main flow pipe 

5 2 divided flow pipe 

3 outer wall (housing) of the divid- 
ed flow pipe 

3a, 3b protuberance 

4 inlet plate (main separator) 
10 5 inlet port 

6 outlet port 

7 partition 

7a protrusion portion 

8a, 8b branch flow passage 

15 1 0 base plate (circuit board, control 

board) 

I I detection element 
12, 13, 14 undulation portion 
20 divided flow pipe 

23 outer wall of the divided flow pipe 
23a, 23b protuberance 

24 inlet plate (main separator) 

25 inlet port 

26 outlet port 

27 partition 
27a protrusion portion 
28a, 28b branch flow passage 

29 top outer wall 

30 base plate (circuit board, control 
board) 

31 detection element 
32, 33 undulation portion 

34 bypass flow passage 

35 orifice member 
40, 42, 44 top outer wall 
40a, 42a, 44a protrusion portion 
41,43,45 inlet plate 
41a protrusion portion 
43a, 45a one end of the inlet plate 

92 divided flow pipe 

93 outer wall of the divided flow pipe 
93a, 93b protuberance 

94 inlet plate (main separator) 

95 inlet port 

96 outlet port 

97 partition 
97a protrusion portion 
98a, 98b branch flow passage 

99 top outer wall 
99a protrusion portion 

1 00 base plate (circuit board, control 
board) 

1 01 detection element 
1 04 orifice 

1 12 divided flow pipe 

113 outer wall of the divided flow pipe 
1 1 3a, 1 1 3b protuberance 

114 inlet plate (main separator) 
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115 


inlet port 




225 


inlet port 


116 


outlet port 




226 


outlet port 


119 


top outer wall 




227 


partition 


118a, 118b, 118c 


branch flow passage 




227a 


protrusion portion 


120 


base plate (circuit board, control 


5 


228a, 228b 


branch flow passage 




board) 




230 


base plate 


121 


detection element 




231 


detection element 


122, 123 


undulation portion 




232, 242 


undulation portion 


124 


bypass flow passage 




250 


Venturi 


137, 138 


plural partitions 


10 


270 


partition 


137a 


protrusion portion 




278a, 278b 


branch flow passage 


142 


divided flow pipe 




280 


base plate 


143 


outer wall of the divided flow pipe 




281 


detection element 


143a, 143b 


protuberance 




290 


Venturi 


144 


inlet plate (main separator) 


15 


M 


main flow 


145 


inlet port 




D 


divided flow 


146 


outlet port 




Dl 


flow flowing into the plural branch 


147 


partition 






flow passages 


147a 


protrusion portion 




D2 


flow via the bypass flow passage 


148a, 148b 


branch flow passage 


20 


DW 


down flow 


150 


base plate (circuit board, control 
board) 




P 


pollution substance (particulate 
material, PM) 


151 


detection element 




L 


distance between partition end 


152, 153 


undulation portion 






portion and open inner wall of 


162 


divided flow pipe 


25 




partition side of the inlet port 


163 


outer wall of the divided flow pipe 




H1 


height of the undulation portion 


163a, 163b 


protuberance 






protruding than flow passage 


164 


inlet plate (main separator) 






face defining the branch flow 


164a 


enlarged portion 






passage formed on the partition 


165 


inlet port 


30 


H2 


height of the undulation portion 


166 


outlet port 






protruding than flow passage 


167 


partition 






face defining the branch flow 


167a 


protrusion portion 






passage formed on the partition 


168a, 168b 


branch flow passage 




W1 


flow sectional direction diameter 


169 


top outer wall 


35 




W1 of the bypass flow passage 


170 


base plate (circuit board, control 




W2 


orifice diameter 




board) 




N 


narrowest portion 


171 


detection element 








172, 173 


undulation portion 




[0051 ] Fig. 1 is an explanatory view of a measurement 


174 


bypass flow passage 


40 


device according to an Embodiment 1 of the invention, 


182 


divided flow pipe 




and shows a longitudinal section along an axis direction 


183 


outer wall of the divided flowpipe 




of a main flow pipe. Referring to Fig.1 , within a main flow 


184 


inlet plate (main separator) 




pipe 1 , a main flow M which is a measurement object is 


184a 


protrusion portion 




flowing. In a pipe wall of the main flow pipe 1 , a divided 


185 


inlet port 


45 


flow pipe 2 is mounted orthogonally to a pipe axis direc- 


186 


outlet port 




tion of the main flow pipe 1 so as to be able to take in a 


187 


partition 




divided flow D separated from the main flow M. Within 


188a, 188b 


branch flow passage 




the divided flow pipe 2, a divided flow pipe passage 


189 


top outer wall 




curved approximately in ft-shape form is formed by an 


191 


detection element 


50 


inlet plate 4 (main separator) extending in a direction 


192, 193 


undulation portion 




approximately orthogonal to a flow direction (main flow 


194 


bypass flow passage 




pipe 1 pipe axis direction) of the main flow M. An inlet 


202,203 


undulation portion 




port (becoming also an outlet port) 5 opening in a face 


222 


divided flow pipe 




approximately orthogonal to the flow direction of the 


223 


outer wall of the divided flow pipe 


55 


main flow M is formed in one end of an outer wail of the 


223a, 223b 


protuberance 




divided flow pipe 2, and an outlet port (becoming also 


224 


inlet plate (main separator) 




an inlet port) 6 opening in a face approximately parallel 


224a 


protrusion portion 




to the flow direction of the main flow M is formed in a top 
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outer wall, of the divided flow pipe 2, extending along 
the main flow pipe 1 pipe axis direction. Additionally, 
within the divided flow pipe 2, a partition 7 curved com- 
plying with a curved shape of the divided flow pipe 2 is 
formed. Within the divided flow pipe 2, by this partition 5 
7, there are formed plural branch flow passages 8a, 8b 
mutually branching and joining. In a bottom outer wall 
of the divided flow pipe 2, a detection element 11 is at- 
tached through a base plate 10 so as to be exposed to 
a flow in the outer peripheral side branch flow passage 
8a. In this manner, the detection element 1 1 is disposed 
in a curved portion of the divided flow pipe 2 and, further, 
positioned outside the main flow pipe 1 so as to be easy 
to exchange. 

[0052] Fig.2 is a partial enlarged view in which a vi- 
cinity of the inlet port 5 of the divided flow pipe 2 shown 
in Fig.1 is enlarged. As shown in Fig.2, an inlet port 5 
side end portion of the partition 7 exists in a position 
retracted by a distance L than a partition 7 side opening 
inner wall of the inlet port 5. That is, the end portion of 
the partition 7 does not extend to just below the inlet port 
5, and at least an inlet of the outer peripheral side branch 
flow passage 8a does not open just below the inlet port 
5. 

[0053] Further, in the outer wall 3 forming the outer 
peripheral side branch flow passage 8a, protuberances 
3a, 3b protruding toward a flow section center of the 
branch flow passage 8a are formed so as to put the de- 
tection element 11 between them on its both sides. In a 
portion of the partition 7 opposite to a detection face of 
the detection element 11, a protrusion portion 7a pro- 
truding toward the detection face is formed. A flow pas- 
sage face on the protuberances 3a, 3b is formed in a 
concave curved face. A flow passage face of the protru- 
sion portion 7a is formed in a convex curved face which 
is convex toward the detection element 11 . By such a 
flow passage structure, a down flow DW obliquely flow- 
ing toward the detection face of the detection element 
11 is formed. 

[0054] Consecutively, an operation of this measure- 
ment device is explained. Fig.3 is a partial enlarged op- 
eration view in which a vicinity of the inlet port 5 of the 
divided flow pipe 2 shown in Fig.1 is enlarged. 
[0055] Referring to Fig.1 and Fig.3,the divided flow D 
separated from the main flow M is taken into the divided 
flow pipe 2 from the inlet port 5. Within the divided flow 
pipe 2, the divided flow D is changed in its direction and 
flows into the outer peripheral side and inner peripheral 
side branch flow passages 8a, 8b. However, a pollution 
substance P whose density is higher than that of the 
measurement flow cannot follow completely to the 
change in the flow direction, so that it advances straight 
by an inertia to stagnate just below the inlet port 5 or 
enters into the inner peripheral side branch flow pas- 
sage 8b. This is because, since end portion flow pas- 
sages of the branch flow passages 8a, 8b extend in a 
direction approximately orthogonal to the flow direction 
of the divided flow D, the pollution substance P whose 



density is higher than that of the measurement fluid can- 
not follow completely to the direction change of the flow 
and, especially, the pollution substance P is prevented 
from entering into the outer peripheral side branch flow 
passage 8a adjacent to the inlet port 5. By this, the pol- 
lution substance P is prevented from being accumulated 
rather onto the detection element 1 1 disposed in the out- 
er peripheral side branch flow passage 8a (requiring a 
sharp change in direction of the flow). Incidentally, ac- 
cording to this flow passage structure of the divided flow 
pipe 2, it is possible to suitably measure the normal flow 
flowing from the inlet port 5 toward the outlet port 6. 
[0056] Next, as Embodiments 2 to 4, various modifi- 
cation examples of the Embodiment 1 are explained. 
Fig.4 to Fig. 6 are partial enlarged views in which a vi- 
cinity of the inlet port of the divided flow pipe is enlarged 
for respectively explaining in order the measurement 
devices of the Embodiments 2 to 4 of the invention. In- 
cidentally, in the devices of the Embodiments 2 to 4, the 
structures other than the portions shown in Fig.4 to Fig. 
6 are basically similar to the device of the Embodiment 
1. 

[0057] Referring to Fig.4, in the measurement device 
of the Embodiment 2, inside the outer wall 3 of the di- 
vided flow pipe, in the vicinity of the inlet port 5 there is 
formed an undulation portion 12 so as to clog an inlet of 
the outer peripheral side branch flow passage 8a. An 
apex of the undulation portion 12 protrudes by a height 
H1 toward the inlet plate 4 beyond an inner peripheral 
side flow passage face of the outer peripheral side 
branch flow passage 8a formed on the partition 7. By 
this undulation portion 12, a throttle is formed in a flow 
passage between the inlet port 5 of the divided flow pipe 
2 and the inlet of the outer peripheral side branch flow 
passage 8a in which the detection element 11 is disp- 
posed. By such a flow passage structure, the pollution 
of the detection element 11 is further prevented. 
[0058] Referring to Fig.5, in the measurement device 
of the Embodiment 3, below the inlet port 5, an undula- 
tion portion 1 3 having a flow passage face of a concave 
curved face form is formed in an inner peripheral side 
flow passage wall (between the inlet plate and a top out- 
er wall of the divided flow pipe) forming the divided flow 
pipe passage. By this, the flow toward the branch flow 
passages 8a, 8b is adjusted. Further, by such a undu- 
lation portion 13, it is also possible to form the throttle 
and, moreover, it is also possible to guide the pollution 
substance rather to the inner peripheral side branch flow 
passage 8b in which the detection element 31 is not dis- 
posed. 

[0059] Referring to Fig.6, in the measurement device 
of the Embodiment 4, in an inlet port 5 side inner wall of 
the inlet plate 4 there is formed an undulation portion 14 
so as to clog an inlet of the inner peripheral side branch 
flow passage 8b. An apex of the undulation portion 14 
protrudes by a height H2 toward the outer wall 3 beyond 
an outer peripheral side flow passage face of the inner 
peripheral side branch flow passage 8b formed on the 
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partition 7. By this undulation portion 14, a throttle is 
formed in a flow passage between the inlet port 5 of the 
divided flow pipe 2 and the inlet of the inner peripheral 
side branch flow passage 8b and, further, a stagnant 
portion is formed in a left side of the undulation portion 5 
14 in Fig.6. By such a flow passage structure, it is made 
possible to dispose the detection element rather in the 
inner peripheral side branch flow passage 8b. 
[0060] Fig. 7(A) and Fig. 7(B) are explanatory views of 
the measurement device concerning a flow of the Em- 10 
bodiment 5 of the invention, wherein Fig. 7(A) is a longi- 
tudinal section along the axis direction of the main flow 
pipe, and Fig.7(B) shows a B-B section in Fig.7(A). Re- 
ferring to Fig.7(A) and Fig. 7(B), in the main flow pipe 1 , 
the main flow M which is a measurement object, is flow- 15 
ing. In the pipe wall of the main flow pipe 1 a divided 
flow pipe 20 is mounted orthogonally to the pipe axis 
direction of the main flow pipe 1 so as to be able to take 
in the divided flow D separated from the main flow M. 
Within the divided flow pipe 20, the divided flow pipe 20 
passage curved approximately in n-shape is formed by 
an inlet plate 24 (main separator) extending in a direc- 
tion approximately orthogonal to the flow direction (main 
flow pipe 1 pipe axis direction) of the main flow M. An 
inlet port (becoming also an outlet port) 25 and an outlet 25 
port (becoming also an inlet port) 26 respectively open- 
ing in faces approximately orthogonal to the flow direc- 
tion of the main flow M are oppositely formed in both 
ends of an outer wall 23 of the divided flow pipe 20. A 
bypass flow passage 34 is formed between a top outer 30 
wall 29 of the divided flow pipe 20 and one end of the 
inlet plate 24, thereby short-circuiting between an inlet 
port 25 and an outlet port 26. As mentioned later, the 
divided flow D is sharply changed in its direction approx- 
imately at a right angle, so that a 1st divided flow D1 35 
whose pollution substance content is low flows toward 
inlets of plural branch flow passages 28a, 28b men- 
tioned later, while the pollution substance whose density 
is relatively high is carried by a 2nd divided flow D2 and 
advances straight from the inlet port 25 to the outlet port 
26 via the bypass flow passage 34 and is discharged 
outside the divided flow pipe 20 (a reverse of this is sim- 
ilar as well). 

[0061] Additionally, within the divided flow pipe 20, 
there is formed a partition 27 curved complying with a 
curved shape of the divided flow pipe 20. Within the di- 
vided flow pipe 20, by this partition 27 there are formed 
the plural branch flow passages 28a, 28b mutually 
branching and joining. In insides of both end portions of 
the outer wall 23 (vicinities of the inlet port 25 and the 
outlet port 26), undulation portions 32, 33 are respec- 
tively formed so as to clog an inlet and an outlet of the 
outer peripheral side branch flow passage 28a. By the 
undulation portions 32, 33, throttles are formed respec- 
tively in a passage between the inlet port 25 and the inlet 
of the outer peripheral side branch flow passage 28a 
and a flow passage between the outlet port 26 and the 
outlet of the outer peripheral side branch flow passage 



28a. 

[0062] In a bottom outer wall of the divided flow pipe 
20, a detection element 31 is attached through a base 
plate 30 so as to be exposed to a flow in the outer pe- 
ripheral side branch flow passage 28a. In this manner, 
the detection element 31 is disposed in a curved portion 
of the divided flow pipe 20 and, further, positioned out- 
side the main flow pipe 1 so as to be easy to exchange. 
Further, inside the outer wall 23 bottom portion, protu- 
berances 23a, 23b protruding toward a flow section 
center of the branch flow passage 28a are formed so as 
to put the detection element 31 between them on its both 
sides. In a portion of the partition 27 opposite to a de- 
tection face of the detection element 31, a protrusion 
portion 27a protruding toward the detection face is 
formed. A flow passage face on the protuberances 23a, 
23b is formed in a concave curved face. A flow passage 
face of the protrusion portion 27a is formed in a convex 
curved face which is convex toward the detection ele- 
ment 31. By such a flow passage structure, the down 
flow DW obliquely flowing toward the detection face of 
the detection element 31 is formed. 
[0063] Consecutively, an operation of this measure- 
ment device is explained by referring to Fig. 7 (A) and 
Fig.7(B) again. 

(1 ) The divided flow D separated from the main flow 
M is taken into the divided flow pipe 20 from the inlet 
port 25. 

(2) The divided flow D is divided in front of the inlets 
of the plural branch flow passages 28a, 28b into the 
flow D1 (flow changed in its direction) approximate- 
ly orthogonal to the flow direction of the main flow 
M and the flow D2 approximately parallel to the flow 
direction of the main flow M. 

(3a) The flow D1 is raised in its flow velocity by the 
throttle formed by the undulation portion 32 and 
flows into the plural branch flow passages 28a, 28b. 
Here, since the pollution substance whose density 
is relatively higher than that of the measurement flu- 
id cannot follow a sharp direction change of the flow 
after having been throttled, it enters rather into the 
inner peripheral side branch flow passage 28b by 
inertia. Therefore, it follows that the measurement 
fluid whose pollution substance content is very low 
flows rather into the outer peripheral side branch 
flow passage 28a having the detection element 31 . 
And, a flow obliquely impinging against the detec- 
tion face of the detection element 31 , i.e., the down 
flow DW, occurs. 
. (3b).The flow D2 flows into the bypass flow passage 
34. 

(4) The flow D1 having flowed into the plural branch 
flow passages 28a, 28b is drawn out by the flow D2 
having flowed though the bypass flow passage 34 
and returned into the main flow pipe 1 from the out- 
let port 26. 
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[0064] Further, within this divided flow pipe 20, there 
is formed a flow passage structure along the flow direc- 
tion in the divided flow pipe passage of approximately 
^-shape form and symmetrical with the detection ele- 
ment 31 being made a center. Therefore, according to 5 
this divided flow pipe 20, the accumulation of the pollu- 
tion substance onto the detection element 31 is prevent- 
ed and, besides, it is possible to measure both of the 
normal flow and the reverse flow with an equivalent de- 
tection output level. 10 
[0065] Next, as an Embodiment 6, a modification ex- 
ample of the Embodiment 5 is explained. Fig. 8(A) and 
Fig. 8(B) are explanatory views of the device of the Em- 
bodiment 6 of the invention, wherein Fig. 8(A) is a partial 
enlarged sectional view (showing a section parallel to a is 
flow section of the divided flow D) in the vicinity of the 
divided flow pipe top outer wall and the inlet plate one 
end portion, and Fig.8(B) a sectional view orthogonal to 
Fig.8(A). Incidentally, in the device of the Embodiment 
6, the structure other than the portions shown in Fig.8 20 
(A) and Fig.8(B) is basically similar to the device of the 
Embodiment 5. 

[0066] Referring to Fig.8(A) and Fig.8(B), an orifice 
member 35 is attached or integrally formed between the 
top outer wall 29 of the divided flow pipe and one end 25 
of the inlet plate 24, i.e., in the bypass flow passage (34 
in Fig.7(A)) in the Embodiment 5. By adjusting an orifice 
diameter W2 with respect to a flow sectional direction 
diameter W1of the bypass flow passage, it is possible 
to quantitatively control a flow rate toward the branch 30 
flow passage in which the detection element is dis- 
posed. 

[0067] Next, as Embodiments 7 to 9, various modifi- 
cation examples of the Embodiment 6 are explained. 
Fig. 9(A) to Fig.9(C) are partial enlarged views showing 35 
a vicinity of an orifice bypassing between an inlet port 
and an outlet port of the divided flow pipe in order to 
respectively explain in order the devices of the Embod- 
iments 7 to 9 of the invention. Incidentally, in the devices 
of the Embodiments 7 to 9, the structures other than the 40 
portions shown in the drawings are basically similar to 
the device of the Embodiment 6. 
[0068] Referring to Fig.9(A), triangle protrusion por- 
tions 40a, 4la are respectively formed in one end of an 
- inlet plate 41 and a top outer wall 40 opposite to the one 45 
end and, by these protrusion portions 40a, 41a, an ori- 
fice is formed in the bypass flow passage short-circuiting 
between the inlet port and the outlet port of the divided 
flow pipe. 

[0069] Referring to Fig.9(B), one end 43a of an inlet 50 
plate 43 is rectangular and a polygonal protrusion por- 
tion 42a is formed in a top outer wall 42 opposite to the 
one end 43a and, by the one end 43a and the polygonal 
protrusion portion 42a, an orifice is formed in the bypass 
flow passage short-circuiting between the inlet port and 55 
the outlet port of the divided flow pipe. 
[0070] Referring to Fig. 9(C), one end 45a of an inlet 
plate 45 is rectangular and a curved face form (semicir- 



cular) protrusion portion 44a is formed in a top outer wall 
44 opposite to the one end 45a and, by the one end 45a 
and the curved face form protrusion portion 44a, an or- 
ifice is formed in the bypass flow passage short- 
circuiting between the inlet port and the outlet port of the 
divided flow pipe. 

[Comparison of Comparison Example 1 with 
Embodiment 5] 

[0071] Next, especially as to the measurement of the 
reverse flow, a sensor (detection) output of a measure- 
ment device of a Comparison Example 1 and a sensor 
output of the measurement device of the Embodiment 
5 are explained in comparison. First, a structure of the 
measurement device of the Comparison Example 1 is 
explained mainly concerning points of difference from 
the measurement device of the Embodiment 5. Fig. 10 
is an explanatory view of the measurement device of the 
Comparison Example 1 , and shows a longitudinal sec- 
tion along the axis direction of the main flow pipe. Re- 
ferring to Fig. 10, in the pipe wall of the main flow pipe 
1 , a divided flow pipe 52 is mounted orthogonally to the 
pipe axis direction of the main flow pipe 1 so as to be 
able to take in the divided flow D separated from the 
main flow M. Within the divided flow pipe 52, a divided 
flow pipe passage curved approximately in Q-shape 
form is formed by an inner wall 54 (main separator). In 
an outer wall 53 side portion of the divided flow pipe 52, 
an inlet port (becoming also an outlet port) 55 of the 
curved divided flow pipe passage is formed in a face 
approximately orthogonal to the flow direction of the 
main flow M, and an outlet port (becoming also an inlet 
port) 56 of the divided flow pipe passage opening in a 
face approximately parallel to the flow direction of the 
main flow M is formed in a top outer wall, of the divided 
flow pipe 52, extending along the main flow pipe 1 pipe 
axis direction. In the vicinity of the inlet port 55, the di- 
vided flow pipe passage is reduced in its diameter (a 
reduced diameter portion 63 is formed) toward a detec- 
tion element 61 side along a flow direction from the inlet 
port 55 toward the outlet port 56, and it is increased in 
its diameter (an increased diameter portion 64 is 
formed) between the detection element 61 and the out- 
let port 56. 

[0072] Further, in the outer wall 53 of the divided flow 
pipe 52, protuberances 53a, 53b protruding toward a 
flow section center of the divided flow pipe passage are 
formed so as to put the detection element 61 between 
them on its both sides. A flow passage face on the pro- 
tuberances 53a, 53b is formed in a concave curved face. 
In a portion of the inner wall 54 of the divided flow pipe 
52 opposite to the detection element 61. a protrusion 
portion 54a protruding toward the detection face is 
formed. A flow passage face of the protrusion portion 
54a is formed in a convex curved face which is convex 
toward the detection element 61 . By such a flow pas- 
sage structure, the down flow DW obliquely flowing to- 
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ward the detection face of the detection element 61 is 
formed. 

[0073] Fig. I 1 is a graph showing flow rate character- 
istics of the device of the Comparison Example 1 shown 
in Fig. 10. Referring to Fig. 10, according to the measure- 
ment device of the Comparison Example 1 , since along 
the flow direction there is formed a flow passage struc- 
ture asymmetrical with the detection element 61 being 
made a center, it is impossible to detect with an equiv- 
alent detection output level both of the normal flow (flow 
from the inlet port 55 toward the outlet port 56) and the 
reverse flow (flow from the outlet port 56 toward the inlet 
port 55). 

[0074] On the other hand, Fig. 12 is a view in which 
the device of the Embodiment 5 explained by referring 
to Fig. 7(A) and Fig.7(B) mentioned before is depicted 
again, and Fig. 13 a graph showing flow rate character- 
istics of the device of the Embodiment 5. Referring to 
Fig. 12, within the divided flow pipe 20 in the measure- 
ment device of the Embodiment 5, along the flow direc- 
tion there is formed a flow passage structure symmetri- 
cal with the detection element 31 being made a center. 
Referring to Fig.13, therefore, by using this divided flow 
pipe 20, it is possible to detect with an equivalent detec- 
tion output level both of the normal flow (flow from the 
inlet port 25 toward the outlet port 26) and the reverse 
flow (flow from the outlet port 26 toward the inlet port 25). 
[0075] Hereunder, various Embodiments 10 to 15 of 
the measurement device according to the invention are 
explained. Incidentally, in the explanations recited be- 
low about the Embodiments 10 to 1 5, in order to avoid 
repetitions of the description, points of difference from 
the measurement device concerning a flow of the Em- 
bodiment 5 are mainly explained, and it is construed that 
the descriptions relating to the Embodiment 5 are re- 
ferred as to the similar points. Further, the flow passage 
structure in the divided flow pipe in each of the Embod- 
iments 10 to 14 is symmetrical along the flow direction 
with the detection element being made a center, and can 
measure with an equivalent detection output level both 
of the normal flow and the reverse flow. Further, the 
measurement device of the Embodiment 15 is suitable 
for measuring the normal flow. 

[0076] Fig. 14 is an explanatory view of the measure- 
ment device of an Embodiment 1 0 of the invention, and 
shows a longitudinal section along the axis direction of 
the main flow pipe. Referring to Fig. 14, within a divided 
flow pipe 92, a divided flow pipe passage curved ap- 
proximately in Q-shape form is formed by an inlet plate 
94 extending in a direction approximately orthogonal to 
the flow direction of the main flow M. In both ends of an 
outer wall of the divided flow pipe 92, an inlet port 95 
and an outlet port 96 opening in faces approximately or- 
thogonal to the flow direction of the main flow M are op- 
positely formed. Further, within the divided flow pipe 92, 
by a curved partition 97 there are formed plural branch 
flow passages 98a, 98b mutually branching and joining. 
In an outer wall 93 bottom portion of the divided flow 



pipe 92, a detection element 101 is attached through a 
base plate 100. Further, inside the outer wall 93, protu- 
berances 93a, 93b are formed so as to put the detection 
element 101 between them on its both sides. In the par- 

5 tition 97, a protrusion portion 97a protruding toward a 
detection face of the detection element 101 is formed. 
By such a flow passage structure, the down flow DW 
obliquely flowing toward the detection face of the detec- 
tion element 101 is formed. Inside a top outer wall 99 

10 opposite to one end of the inlet plate 94, a triangle pro- 
trusion portion 99a is formed, and an orifice 104 is 
formed in a bypass flow passage short-circuiting be- 
tween the inlet port 95 and the outlet port 96. 
[0077] Fig. 15 is an explanatory view of the measure- 
is ment device of an Embodiment 1 1 of the invention, and 
shows a longitudinal section along the axis direction of 
the main flow pipe. Referring to Fig. 15, within a divided 
flow pipe 112, a divided flow pipe passage curved ap- 
proximately in Q-shape form is formed by an inlet plate 

20 114 extending in a direction approximately orthogonal 
to the flow direction of the main flow M. In both ends of 
an outer wall of the divided flow pipe 112, an inlet port 
115 and an outlet port 116 opening in faces approxi- 
mately orthogonal to the flow direction of the main flow 

25 m are oppositely formed. Further, within the divided flow 
pipe 11 2, by curved partitions 1 37, 138 there are formed, 
from an outer peripheral side toward an inner peripheral 
side in order, plural branch flow passages 118a, 118c, 
118b mutually branching and joining. Inside both end 

30 portions of an outer wall 113 (in the vicinity of the inlet 
port 115 and the outlet port 116), undulation portions 
122, 123 are respectively formed so as to respectively 
clog inlets and outlets of the branch flow passages 1 1 8a, 
118c. By the undulation portions 122, 123, throttles are 

35 formed respectively in a flow passage between the inlet 
port 1 1 5 and the inlets of the branch flow passages 1 1 8a, 
118c and a flow passage between the outlet port 116 
and the outlets of the branch flow passages 11 8a, 11 8c. 
In an outer wall 113 bottom portion of the divided flow 

40 pipe 112, a detection element 121 is attached through 
a base plate 1 20. Further, inside the outer wall 113, pro- 
tuberances 113a, 113b are formed so as to put the de- 
tection element 121 between them on its both sides. In 
the partition 137, a protrusion portion 137a protruding 

45 toward a detection face of the detection element 1 21 is 
formed. By such a flow passage structure, the down flow 
DW obliquely flowing toward the detection face of the 
detection element 121 is formed. Inside one end of the 
inlet plate 114 and a top outer wall 119 opposite to the 

so one end, there is formed a bypass flow passage 124 
short-circuiting between the inlet port 1 1 5 and the outlet 
port 116. 

[0078] Fig. 16 is an explanatory view of the measure- 
ment device of an Embodiment 12 of the invention, and 
55 shows a longitudinal section along the axis direction of 
the main flow pipe. Referring to Fig.16, within a divided 
flow pipe 142, a divided flow pipe passage curved ap- 
proximately in £2-shape form is formed by a inlet plate 
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144 extending in a direction approximately orthogonal 
to the flow direction of the main flow M. In both ends of 
an outer peripheral portion of a top outer wall and an 
outer wall 143 of the divided flow pipe 142, there are 
formed an inlet port 145 opening in a face approximately 5 
parallel to the flow direction of the main flow M and an 
outlet port 146 opening in a face approximately orthog- 
onal to the same. The divided flow D is introduced into 
the divided flow pipe 142 mainly from a slant direction. 
Further, within the divided flow pipe 142, by a curved 10 
partition 147 there are formed plural branch flow pas- 
sages 148a, 148b mutually branching and joining. In- 
side both end portions of the outer wall 143 (in the vi- 
cinity of the inlet port 145 and the outlet port 146), un- 
dulation portions 152, 153 are respectively formed so *s 
as to respectively clog an inlet and an outlet of the outer 
peripheral side branch flow passages 148a. By the un- 
dulation portions 152, 153, throttles are formed respec- 
tively in a flow passage between the inlet port 145 and 
the inlet of the outer peripheral side branch flow passag- 20 
es 148a, and a flow passage between the outlet port 
146 and the outlet of the outer peripheral side branch 
flow passages 148a. In an outer wall 143 bottom portion 
of the divided flow pipe 142, a detection element 151 is 
attached through a base plate 150. Further, inside the 25 
outer wall 143, protuberances 143a, 143b are formed 
so as to put the detection element 151 between them 
on its both sides. In an intermediate portion of the par- 
tition 147, a protrusion portion 147a protruding toward 
a detection face of the detection element 1 51 is formed. 30 
By such a flow passage structure, the down flow DW 
obliquely flowing toward the detection face of the detec- 
tion element 151 is formed. 

[0079] Fig. 17 is an explanatory view of the measure- 
ment device of an Embodiment 1 3 of the invention, and 35 
shows a longitudinal section along the axis direction of 
the main flow pipe. Referring to Fig.1 7, within a divided 
flow pipe 162, a divided flow pipe passage curved ap- 
proximately in ft-shape form is formed by a inlet plate 
164 extending in a direction approximately orthogonal 40 
to the main flow pipe 1 pipe axis direction. In both ends 
of an outer wall 1 63 of the divided flow pipe 162, there 
are oppositely formed an inlet port 1 65 and an outlet port 
166 opening in a face approximately orthogonal to the 
main flow M. Further, within the divided flow pipe 162, 45 
by a curved partition 1 67 there are formed plural branch 
flow passages 168a, 168b mutually branching and join- 
ing. Inside both end portions of the outer wall 1 63 (in the 
vicinity of the inlet port 1 65 and the outlet port 1 66), un- 
dulation portions 172, 173 are respectively formed so so 
as to respectively clog an inlet and an outlet of the outer 
peripheral side branch flow passages 168a. By the un- 
dulation portions 1 72, 173, throttles are formed respec- 
tively in a flow passage between the inlet port 165 and 
the inlet of the outer peripheral side branch flow passag- 55 
es 168a, and a flow passage between the outlet port 
166 and the outlet of the outer peripheral side branch 
flow passages 168a. Both sides of one end of the inlet 



plate 1 64 are respectively enlarged toward the inlet port 
165 and the outlet port 166, and a bypass flow passage 
174 shirt-circuiting between the inlet port 165 and the 
outlet port 166 is formed between this enlarged portion 
and a top outer wall 1 69 opposite to a bottom face of the 
enlarged portion. In an outer wall 163 bottom portion of 
the divided flow pipe 162, a detection element 171 is 
attached through a base plate 170. Further, inside the 
outer wall 163, protuberances 163a, 163b are formed 
so as to put the detection element 171 between them 
on its both sides. In an intermediate portion of the par- 
tition 167, a protrusion portion 167a protruding toward 
a detection face of the detection element 171 is formed. 
By such a flow passage structure, the down flow DW 
obliquely flowing toward the detection face of the detec- 
tion element 171 is formed. 

[0080] Fig. 18 is an explanatory view of the measure- 
ment device of an Embodiment 1 4 of the invention, and 
shows a longitudinal section along the axis direction of 
the main flow pipe. Referring to Fig.18, within a divided 
flow pipe 1 82, a divided flow pipe passage curved ap- 
proximately in Q-shape form is formed by a inlet plate 
184 extending in a direction approximately orthogonal 
to the main flow pipe 1 pipe axis direction. In both ends 
of an outer wall 183 of the divided flow pipe 182, there 
are oppositely formed an inlet port 1 85 and an outlet port 
186 opening in a face approximately orthogonal to the 
flow direction of the main flow M. Further, within the di- 
vided flow pipe 182, by a curved partition 187 there are 
formed plural branch flow passages 188a, 188b mutu- 
ally branching and joining. Inside both end portions of 
the outer wall 1 83 (in the vicinity of the inlet port 1 85 and 
the outlet port 186), undulation portions 192, 193 are 
respectively formed so as to respectively clog an inlet 
and an outlet of the outer peripheral side branch flow 
passages 188a. On both sides of an intermediate por- 
tion of the inlet plate 184, there are respectively formed 
undulation portions 202, 203 respectively protruding to- 
ward an inside of the outer wall 183. By the undulation 
portions 192, 202, 193, 203, throttles are formed step- 
wise in a flow passage between the inlet port 185 and 
the inlet of the inner peripheral side branch flow passage 
188b and a flow passage between the outlet port 186 
and the outlet of the inner peripheral side branch flow 
passage 1 88b, respectively. A bypass flow passage 1 94 
short-circuiting between the inlet port 1 85 and the outlet 
port 186 is formed between one end of the inlet plate 
184 and a top outer wall 189 opposite to the one end. 
In a curved portion of the partition 1 87, a detection ele- 
ment 191 is attached such that its detection face is ex- 
posed to the flow in the inner peripheral side branch flow 
passage 188b. In the other end of the inlet plate 184, a 
curved face protrusion portion 184a protruding toward 
a detection face of the detection element 191 is formed. 
By such a flow passage structure, the down flow DW 
obliquely flowing toward the detection face of the detec- 
tion element 191 is formed. 

[0081 ] Fig. 1 9 is an explanatory view of the measure- 
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rnent device of an Embodiment 1 5 of the invention, and 
shows a longitudinal section along the axis direction of 
the main flow pipe. Referring to Fig. 19, within a divided 
flow pipe 222, a divided flow pipe passage curved ap- 
proximately in ft-shape form is formed by a inlet plate 
224 extending in a direction approximately orthogonal 
to the flow direction of the main flow M. In an outer wall 
223 of the divided flow pipe 222, there is formed an inlet 
port 225 opening in a face approximately orthogonal to 
the flow direction of the main flow M and, in a top outer 
wall of the divided flow pipe 222, there is formed an out- 
let port 226 opening in a face approximately parallel to 
the flow direction of the main flow M. Further, within the 
divided flow pipe 222, by a curved partition 227 there 
are formed plural branch flow passages 228a, 228b mu- 
tually branching and joining. The other end of the outlet 
port 226 side of the partition 227 is largely spaced from 
the outlet port 226 in comparison with one end of the 
inlet port 225 side of the same. In the vicinity of the inlet 
port 225 in the outer wall 223 inside, an undulation por- 
tion 232 is formed so as to clog an inlet of the outer pe- 
ripheral side branch flow passage 228a. On the other 
hand, also in the vicinity of the inlet port 225 of the inlet 
plate 224, an undulation portion 242 is formed. By the 
undulation portions 232, 242, a throttle is formed in a 
flow passage between the inlet port 225 and an inlet of 
the branch flow passage 228a. In an outer wall 223 bot- 
tom portion of the divided flow pipe 222, a detection el- 
ement 231 is attached through a base plate 230. Fur- 
ther, inside the outer wall 223, protuberances 223a, 
223b are formed so as to put the detection element 231 
between them on its both sides. In an intermediate por- 
tion of the partition 227, a protrusion portion 227a pro- 
truding toward a detection face of the detection element 
231 is formed. By such a flow passage structure, the 
down flow DW obliquely flowing toward the detection 
face of the detection element 231 is formed. 
[0082] Fig. 20 is an explanatory view of the measure- 
ment device of an Embodiment 16 of the invention. In- 
cidentally, this Embodiment 16 is a modification exam- 
ple of the Embodiment 5, so that in this Embodiment 16 
the same reference signs as the Embodiment 5 are giv- 
en to elements similar to the Embodiment 5. Further, in 
the following explanations of this Embodiment 1 6, as to 
portions in which the measurement device of this Em- 
bodiment 16 has constitutions and functions similar to 
the measurement device of the Embodiment 5, it is con- 
strued that the explanations of the Embodiment 5 can 
be suitably referred. 

[0083] Referring to Fig.20, on a wall face of the parti- 
tion 27 opposite to the detection element 31 , a Venturi 
(Venturi wall portion) 250 is provided from the upstream 
to the down stream of the detection element 31 . By this 
Venturi 250, a flow passage of the outer peripheral side 
branch flow passage 28a in which the detection element 
31 is disposed is made narrowest in the vicinity of a cent- 
er of the detection element 31 (this is referred to as "nar- 
rowest portion N"). By such a flow passage structure, a 



turbulence of the flow on the detection face of the de- 
tection element 31 is suppressed and, further, such a 
flow as obliquely impinging against the detection face of 
the detection element 31 is strongly and stably formed, 

s so that a detection accuracy is improved. 

[0084] Fig. 21 is an explanatory view of the measure- 
ment device of an Embodiment 1 7 of the invention, and 
is an enlarged view in the vicinity of the detection ele- 
ment. Incidentally, this Embodiment 17 is a modification 

10 example of the Embodiment 1 6, so that portions in which 
there are differences between the measurement devic- 
es of this Embodiment 17 and the Embodiment 16 are 
explained in the following explanations and, as to por- 
tions in which both have similar constitutions and func- 

is tions, it is construed that the explanations of the Embod- 
iment 16 can be suitably referred. 
[0085] Referring to Fig.21, by a partition 270, within 
the divided flow pipe there are formed an outer periph- 
eral side branch flow passage 278a and an inner periph- 

20 eral side branch flow passage 278b. In a bottom wall of 
the divided flow pipe, a detection element 281 is at- 
tached through a base plate 280 and exposed to the flow 
in the outer peripheral side branch flow passage 278a. 
On a wall face of the partition 270 opposite to the detec- 
ts tion element 281 , a Venturi 290 is provided from the up- 
stream to the down stream of the detection element 281 . 
By this Venturi 290, a flow passage of the outer periph- 
eral side branch flow passage 278a in which the detec- 
tion element 281 is disposed is made narrowest in the 

30 vicinity of a center of the detection element 281 (this is 
referred to as "narrowest portion N"). Further, between 
a flow passage face of the partition 270 in a left and right 
direction in Fig.21 (flow passage face in a direction or- 
thogonal to the main flow M (refer to Fig.20)) and a flow 

35 passage face on the Vunturi 290, it changes smoothly. 
[0086] According to the invention, there is provided a 
measurement device concerning a flow, in which an ac- 
cumulation of pollution substance on to a detection ele- 
ment is prevented. Further, according to the invention, 

40 there is provided a measurement device concerning a 
flow, which can measure a reverse flow similarly to a 
. normal flow. 

[0087] The divided flow pipe passage is described 
herein as being curved in a substantially Q-shape form. 
45 it is, of course, to be understood that various forms, for 
example U-shapes, or shapes with asymmetry between 
the two sides of the shape, or the shapes of passages 
as illustrated in any of the accompanying Figures, are 
within the definition of substantially ft-shape form. 

50 

Claims 



55 



A flow measurement device comprising: 

a divided flow pipe which has a divided flow 
pipe passage in a curved, substantially Cl- 
shape form, and into which at least a portion of 
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a flow in a main flow pipe, which flow is the ob- 
ject of the measurement, is to be introduced; 
a partition formed in the divided flow pipe; 
plural branch flow passages separated by the 
partition so as to mutually branch and join in the 
divided flow pipe; and 

a detection element which is disposed so as to 
be exposed to a flow in one of said plural branch 
flow passages, for detecting a quantity con- 
cerning the flow. 

2. A flow measurement device as set forth in claim t , 
further comprising: 

an inlet port of the divided flow pipe, which is 
formed in an outer peripheral side of the divided 
flow pipe passage, and which opens in a face 
arranged to be approximately orthogonal to a 
flow direction in the main flow pipe, 
and wherein said detection element is disposed 
so as to be exposed to a flow in the branch flow 
passage formed in the outer peripheral side of 
the divided flow pipe. 

3. A flow measurement device as set forth in claim 1 
or 2, further characterized in that the inlet port of the 
divided flow pipe and an inlet of the outer peripheral 
side branch flow passage in which the detection el- 
ement is disposed are opened in substantially mu- 
tually orthogonal faces, and the flow introduced into 
the divided flow pipe is changed in its direction and 
flows into the branch flow passage. 

4. A flow measurement device as set forth in claim 1 , 
2 or 3, further characterized in that: 

an end portion of the partition does not extend 
to just below the intet port of the divided flow 
pipe; and 

an inlet of at least the outer peripheral side 
branch flow passage does not open just below 
the inlet port of the divided flow pipe. 

5. A flow measurement device as set forth in claim 1 , 
2, 3 or 4, further characterized in that a throttle is 
formed in a flow passage between the inlet port of 
the divided flow pipe and an inlet of a said branch 
flow passage. 

6. A flow measurement device as set forth in claim 5, 
further characterized in that: 

an inlet plate forming the curved divided flow 
pipe passage is provided in the divided flow 
pipe; and 

the throttle is defined by at least one undulation 
portion formed in either one or more of: an outer 
wall inside of the divided flow pipe; the partition; 



and the inlet plate. 

7. A flow measurement device as set forth in claim 6, 
further characterized in that the undulation portion 

5 protrudes from the outer wall inside of the divided 
flow pipe or from the inlet plate, in the vicinity of said 
inlet of said branch flow passage, and that the apex 
of the undulation portion protrudes at least as far as 
the level of the partition. 

10 

8. A flow measurement device as set forth in any one 
of the preceding claims, further characterized in 
that: 

1 $ an inlet plate forming the curved divided flow 

pipe passage is provided in the divided flow 
pipe; and 

below the inlet port of the divided flow pipe, an 
inner peripheral side flow passage wall forming 
2( > the divided flow pipe passage undulates and a 

flow passage face of concave curved face form 
is formed. 

9. A flow measurement device as set forth in any one 
25 of the preceding claims, further characterized in that 

the divided flow pipe has a flow passage structure 
substantially symmetrical with respect to the detec- 
tion element. 

30 10. A flow measurement device as set forth in any one 
of the preceding claims, further characterized in that 
a throttle is formed in a flow passage between an 
outlet port of the divided flow pipe and an outlet of 
a said branch flow passage. 

35 

11. A flow measurement device as set forth in claim 10, 
further characterized in that: 

an inlet plate forming the curved divided flow 
*o pipe passage is provided in the divided flow 

pipe; and 

the throttle is defined by at least one undulation 
portion formed in either one or more of: an outer 
wall inside of the divided flow pipe; the partition; 
4 5 and the inlet plate. 

12. A flow measurement device as set forth in claim 11, 
further characterized in that the undulation portion 
protrudes from the outer wall inside of the divided 

so flow pipe or from the inlet plate, in the vicinity of the 
outlet of said branch flow passage, and that the 
apex of the undulation portion protrudes at least as 
far as the level of the partition. 

55 13. a flow measurement device as set forth in any one 
of the preceding claims, further characterized in 
that: 
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in an outer peripheral side of the divided flow 
pipe passage, the outlet port of the divided flow 
pipe is formed so as to open in a face approx- 
imately orthogonal to the flow direction in the 
main flow pipe, while being opposed to the inlet 
port of the divided flow pipe; 
an inlet plate forming the curved divided flow 
pipe passage is provided in the divided flow 
pipe; and 

a bypass flow passage short-circuiting between 
the inlet port and the outlet port of the divided 
flow pipe is formed between one end of the inlet 
plate and a top outer wall of the divided flow 
pipe. 

14. A flow measurement device as set forth in claim 13, 
further characterized in that: 

an orifice is provided in the bypass flow pas- 
sage; and 

a flow rate of a measurement fluid toward the 
detection element is set by a protrusion amount 
of a flow passage wall forming the orifice or by 
the orifice open area. 

15. A flow measurement device as set forth in claim 14, 
further characterized in that the flow passage wall 
forming the orifice is protruded toward an orifice 
center, and a sectional shape of a flow passage face 
of the protruded portion is any one of a polygonal 
face, a curved face and a duplex curved face. 

16. A flow measurement device as set forth in any one 
of the preceding claims, further characterized by 
having flow control means provided in the branch 
flow passage in which the detection element is dis- 
posed and forming such a flow as obliquely imping- 
es against a detection face of the detection element. 

17. A flow measurement device as set forth in any one 
of the preceding claims, further characterized in 
that, on a wall face of the partition opposite to the 
detection element, a Venturi is provided from up- 
stream to downstream of the detection element, 
and a flow passage of the branch flow passage in 
which the detection element is disposed is made 
narrowest in the vicinity of a center of the of the de- 
tection element by the Venturi. 

18. A flow measurement device as set forth in any one 
of the preceding claims, 

wherein said detection element is disposed so 
as to be exposed to a flow in the branch flow pas- 
sage formed in an inner peripheral side or an inter- 
mediate portion of the divided flow pipe; and 

further comprising a throttle formed in a flow 
passage between an inlet port of the divided flow 
pipe and an inlet of the branch flow passage in 



which a detection face of the detection element is 
exposed to the flow therein. 

19. A flow measurement device as set forth in claim 18, 
5 further characterized in that the detection element 

is provided in the partition. 

20. A flow measurement device as set forth in any one 
of the preceding claims, further comprising: 

10 

an inlet port of the divided flow pipe, which is 
formed in one end outer peripheral side of the 
divided flow pipe passage, and which opens in 
a face arranged to be approximately orthogonal 

is to a flow direction in the main flow pipe; and 

an outlet port of the divided flow pipe, which is 
formed in the other end top of the divided flow 
pipe passage, and opens in a face approxi- 
mately parallel to a flow direction in the main 

20 now pipe, 

wherein said partition formed in the divided 
flow pipe, has one end which extends to a vicinity 
of the inlet port, and has another end which extends 
25 while being spaced from the outlet port; and 

wherein said detection element which is dis- 
posed so as to be exposed to a flow in the branch 
flow passage formed in an outer peripheral side of 
the divided flow pipe. 

30 

21 . A flow measurement device as set forth in claim 20, 
further characterized in that: 

an inlet plate forming the curved divided flow 
35 pipe passage is provided in the divided flow 

pipe; and 

in the vicinity of the inlet port of the divided flow 
pipe, at least one undulation portion is formed 
in either one or more of: an outer wall inside of 
40 the divided flow pipe; the partition; and the inlet 

plate, and by the or each undulation portion a 
throttle is formed in a flow passage between the 
inlet port of the divided flow pipe and an inlet of 
the outer peripheral side branch flow passage. 

45 

22. A flow measurement device as set forth in any one 
of the preceding claims, further comprising: 

an inlet port of the divided flow pipe and an 
inlet of the branch flow passage, which are mutually 
50 formed such that the flow introduced into the divided 
flow pipe is changed in its direction when flowing 
into the branch flow passage in which the detection 
element is exposed to the flow therein. 

55 23. A flow measurement device as set forth in any one 
of the preceding claims, further comprising: 

a throttle formed in a flow passage between 
the inlet port of the divided flow pipe and an inlet of 
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the branch flow passage such that the flow intro- 
duced into the divided flow pipe is changed in its 
direction when flowing into the branch flow passage 
in which the detection element is exposed to the 
flow therein. 5 

24. A flow measurement device as set forth in any one 
of the preceding claims, further comprising: 

an inlet port of the divided flow pipe, which is io 
formed in one end outer peripheral side of the 
divided flow pipe passage, and which opens in 
a face arranged to be approximately orthogonal 
to a flow direction in the main flow pipe; 
an outlet port of the divided flow pipe, which is *5 
formed in the other end outer peripheral side of 
the divided flow pipe passage, and which opens 
in a face arranged to be approximately orthog- 
onal to a flow direction. in the main flow pipe; 
throttles formed respectively in a flow passage 20 
between the inlet port of the divided flow pipe 
and an inlet of the outer peripheral side branch 
flow passage and a flow passage between the 
outlet port of the divided flow pipe and an outlet 
of the outer peripheral side branch flow pas- 25 
sage, wherein said detection element is dis- 
posed so as to be exposed to a flow in the 
branch flow passage formed in an outer periph- 
eral side of the divided flow pipe; and 
a Venturi provided, on a wall face of the partition 30 
opposite to the detection element and from an 
upstream to a downstream of the detection el- 
ement, such that a flow passage of the branch 
flow passage in which the detection element is 
disposed is made narrowest in the vicinity of a 35 
center of the detection element. 

25. A flow measurement device as set forth in any one 
of claims 1 to 24, further characterized by being in- 
stalled in an intake system of internal combustion 40 
engine mounted on a vehicle. 
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Fig. 8 (A) 




Fig. 8 (B) 
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